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COMPLETE SPECIFICATION 

ImproT«iiieiit8 in or vdalmg to Rotary Compressors 
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Page 1, line 18^ after "Its* insert •greatest*. 
Page a line U7, o/ter •sound" iiuert •In the nedlum«. 
Hie Patfflt Office, 
ISth October, X9U5. 



reiluciji^ liending: stresKCH. 

20 In tlie pjwes.s of (lovelo]iiiiont of ceiitri- 
fug-iil cojiipressoi's tlu* pressure ratio pei- 
Hta<2:{^ ha^s been tsteadily increased mainly 
by raisin*; tiie ])erip]ieVal vebicity of the 
rotor. The niecbuuical stressin|r of tlio 

25 I'oturs of the ceiitrifu*yal coiiipi'eASOi'H^ of 
llii? most rerciii tlesiffii is reiy Iiijrh owiuj? 
to tlie piM'ipiicritl velocity fallinjc within 
ihi* nni«>fe ot tlie spoetl of sound und for 
[liiK rttusufi such rntnrs havr hern made 

SO with hlmles extondiiig^ iu a purely radio I 
direction and witli nidial flow. "As the 
ubsoJiite outlet vehicUy of the eoinpresswl 
«?iis, when thi' direction of the pa.ssiug:e-s 
hetweeu the h hides is r.idial, proves to be 

35 even greater than the i>eripheral veh>city 
of the rot(n' i1 lies a cousiderable nmount 
ahove the spee<1 of sound in the medium 
(;ouL|))-es.'?etl, The use of bJades bent 
backward whicb were wellknown to re<bice 

40 the ontlet velocity at a different peri- 
pheral velocity was abandoned befoiv the 
speed of sound was reached this course 
being followed chiefly an view of con- 
siderations of strength. The desire for 

45 g^reater peripheral velocities and increased 
delivery ]>ressures could be realised only 
by tiie use of ]Uirely i-adial blades. The 
increase of the outlet velocity above the 
speed of sound wliicli thus occniTcd was 

50 piit up with as beinf? inevitable. This 
invention starts from the realisation that 
with a nse of the velocity of flow above 
tile speed of sound Mach's pressure waves 

[/^rfcel/-] 



D SD93^1 125 D/d 3364 10/45 
lilt a tea wJiile in a cross-section noniml tcj 
tiie axis' each blade extends in a radial 
direction so that tbe absolute outlet 
Velocity of tbe medium compressed may 76 
not -xceed tbe velocity of sound in that 
inediuni to an extent sufficient to g^ve rise 
to Mncb's pressure waves, while at the 
8a«ie time bending stresses are avoided. 

if these features are followed tile peri- 80 
))hei*al velocity of tbe rotor can be raised 
hove the speed of sound in tbo ctnii- 
]>ressed medium without impairing the 
efficiency of the compressor. 

The pressure ratio jjer stage obtainable 85 
incri-ases appro.\in>ute]y with the stiuaiv 
of the i)erii)heral velocity of the wtor so 
that for example an air eouipn\ss(U' 
rnnnijig with a peripheral velocity in the 
nei»:hbourhood of 400 meters per second 90 
anfhigher can secui-e without difficulty in 
a single stuge a pressure ratio amounting 
to 2 and over. 

A semi-axial fonu of rotor with back- 
ward bent blades has long been known for 95 
nse in fans. Such rotors made of sheet 
metal or cast nmterial are however only 
suitable for low ]3eri]dieral velocities at 
which the mechanical stressing of the 
blades has only an influence of secondary 100 
importance in the choice of shape. It is 
only when the semi-axial i^tor is employecl 
in compressors in which the blade peri- 
pheral velocity is high and the speed of 
sound in the compi-essed medium is 106 
reached and exceeded that it becomes 
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We, Stii.ZER Fberes Societe Akontme, 
a Company organised under the laws of 
Switzerland, of Winterthur, Switzerland, 
do hereby declare the nature of this 
5 invention and in what manner the same 
is to be performed, to be particularly 
<] escribed and ascertained in and by the 
following statement : — 

This invention relates to a rotary centri- 

10 fngal compivssor of the type which gives 
extra high pressure ratios per stage, the 
impeller having blades integral with the 
rotor and with at least its circumference 
rotating at a velocity above tlie speed of 

16 sound in the medium compressed, the 
blades of the rotor when considered in 
cross-sections nomal to the rotor axis 
being radially directed with the object of 
reducing bending stresses. 

20 In the process of development of centri- 
fugal compressors the pressure ratio per 
stage has been steadily increased maiuly 
by raising the peripheral velocitj' of the 
rotor. The mechanical stressing of the 

25 rotors of the centrifugal compressors of 
the most recent design is very nigh owing 
to the peripJieral velocity falling witliiu 
the range of the speed of sound and for 
this reason such rotors have been made 

30 with blades extending in a purely radial 
direction and with radial flow. As the 
absolute outlet velocity of the compressed 
gns, when the direction of the passages 
between the blades is radial, proves to be 

86 even greater-flian tlie jjeripheral velocity 
uf the rotor it lies a considerable amount 
above the speed of sonnd in the 7nedium 
(;ompressed. The use of blades bent 
backward which were welltnown to reduce 

40 the outlet velocity at a different peri- 
pheraL velocity was abandoned before the 
speed of sound was reached this course 
being followed chiefly in view of con- 
siderations of strength. The desire for 

45 greater peripheral velocities and increased 
deliveiy pressures could be realised only 
by the use of purely radial blades. The 
increase of the outlet velocity above the 
speed of sound which thus occuiTed was 

50 put up with as being inevitable. This 
invention starts from the realisation that 
with a rise of the velocity of flow above 
the speed of sound Mach's pressure waves 
lPrio0 1/-] 



are formed and these reduce the efficiency 
of the compressor moi*e than was pre- 65 
viousiy assumed. The reduction of ttis 
efficiency becomes greater as the velocity 
of flow rises, whereby a limit has hitherto 
been set to a further increase in the 
pressure ratio per stage, Tlie present 60 
invention now indicates how it is possible 
to raise the pressure ratio per stage of a 
centrifugal compressor by a further 
increase of the peripheral velocity while 
avoiding the need for putting up with a 66 
reduction in efficiency. 

According to this invention the blades 
run obliquely and with an inclination 
relative to the axis and they are curved 
from the inlet to the outlet in a direction 70 
opposite to that in which the impeller 
rntates while in a cross-section normal to 
tlie axis each blade extends in a radial 
direction so that the absolute outlet 
velocity of the medium compressed may 75 
not :-xceed the velocity of sound in that 
mediiun to an extent sufficient to give me 
to 2J[ach\s pressure waves, while at the 
sai^e time heading sti'esses are avoided. 

If these features are followed the peri- 80 
phei-al velocity of the rotor can be raised 
. bove the speed of so and in the com- 
pressed medium without impairing the 
efficiency of the compressor. 

The pressure ratio per stage obtainable 85 
increases approximately with tJie square 
of the peripheral velocity of the i*otor so 
that for exsiiuple an air eompivssor 
running \vitli a peripheral velocity in the 
neighbourhood of 400 meters per second 90 
ancThigher can secure without difficulty in 
a single stage a pressure ratio amoimtiug 
to 2 and over. 

A semi-axial form of rotor with back- 
ward bent blades has long been known for 95 
Use in fans. Such rotors made of sheet 
metal or cast material are however only 
suitable for low peripheral velocities at 
which the mechanical stressing of the 
blades has only an influence of secondary 100 
importance in the choice of shape. It is 
only when the semi-axial rotor is employed 
in compressors in which the blade peri- 
pheral velocity is high and the speed of 
sound in the compressed medium, is 105 
reached and exceeded that it becomes 
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necessaiy to avoid bending sti'esses for the 
blades and this could only he attained 
hitherto by the radial arrangement of the 
blade passages, A rotor designed aecord- 
B mg to the present invention permits the 
i*adialvdirection of the blade sections to lie 
normal to the rotor axis, as is necessaiy 
for mechanical reasons, and to be com- 
bined with a backward curving of the 

10 blade passages, which is necessary for 
reasons of flow technique, and thus the 
disadvantages with respect to flow which 
have previously made themselves apparent 
can be eliminated. 

15 In the semi-axial flow rotor foimed 
according to the invention, intermediate 
blades may also be arranged or the blades 
may be discontinuous and staggered. lu 
this way a further improvement in the 

20 rotor efficiency is obtained, in so far that 
it avoids the increased risk of turbulency 
occurring when the velocity of sound is 
exceeded. 

The invention is illustrated in the 

25 accompanying drawings, in which : — 

Figiu'e 1 shows diagrammatically and 
in longitudinal section one example of u 
constiaiction of high-pressure compressor 
according to this invention. 

30 Figures 2 and 3 show respectively in end 
view and in cross-section the rotor of the 
compressor illustrated in Figure L 

Figures 4 and 5 are similar views of a 
rotor having int«Tiiediate blades. 

85 Figui^es (i and 7^ show again similar 
views of a rotor having discontinuous and 
staggered blades. 

The compressor shown in Fignre 1 1ms 
a rotor 1 on which are the Llades 2 tJiese 

40 blades running obliqnely and at an inclina- 
tion with respect to the rotor axis the 
blades being curved from inlet to outlet in 
a dii*ection oi)])osite to the dii^eetiou of 
i*otation 8 of the I'otor. The blades are 

45 formed integral^ with the rotor as for 
instance by milling or forging. The rotor 
is arranged so that it is overhung on the 
shaft ii. The degive of obliquity of the 
passages bpt\i"een the blades 2, tliat is to 

SO say the angle which they form with the 
axis X and the circumference, may vniy 
from :10° to iiiW The air or other gas h 
drawn in from the passage 4 and delivered 
in the compressed state through the spiral 

55 -easing 5. 

In service the blades 2 run with a peri- 
pheral speed which exceeds the velocity of 
sound at least at the outlet edges fi. In 
order to enable them to support the 

60 increased centrif ugiil force without bend- 
ing the form and an'angement of the 
blades 2 are such that their cross-sections 
in the planes I— I, II— II and HI— ni 
(Figure 3) point in the dii'ection of the 

65 radii r^, and n (Figure 2), 



The direction of flow in the^ passages 
between the blades is not i-adial but is 
inclined with respect to the rotor axis X in 
the dii'ection of the arrow 7 (Figure 3), 
Iji this wav it is made possible to .bend 70 
the blades "backwards with respect to the 
direction of rotation shown by the arrow 
8 in Figure 2 so that the absolute velocity 
of the compressed medium at the outlet 
does not exceed the velocity of sound, 75 

This backwards bending makes it 
possible to have a compression ratio of 
more than 2.0 within a single stage, with- 
out having to put up with disturbances 
through Mach*s pressure waves, which 80 
occur in the region above the velocity of 
soimd. 

The rotor shown in Figm-es 4 and 5 has 
additional iutennediate blades 9 aiTanged 
between tlie main blades 2. These inter- 85 
mediate blades gives a better guiding to 
the flow of the medium which is to be 
compressed and thereby j)revent, within the 
flow i)ass;ages, u non-uniform distribution 
of the nieilium which is to be compressed, 90 

The rotor shown in Figm^es 6 and 7 has 
blades 10 which are intemipted at the 
places 11 and are continued in staggered 
relation. In tliis way turbulence, which 
could occur at the high speeds used, is 95 
prevented. 

It is possible under certain conditions 
of working to let the velocity of flow of 
the compressed medium increase slightly 
beyond the velocity of sound without any 100 
disturbaiices being caused by Mach*'s 
pressure waves. 

Having now pai-ticulariy described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 105 
be performed, wa declai*e that what we - 
ciaim is : — 

1. A centrifugal compressor of the type 
indicated in whicli the blades run 
obliquely and at an inclination with 110 
i-esiJect to the axis of the ^ roti»r being 
curved in the fonu of a helix from inlet 

to outlet in the direction ofiposite to that 
in whicli the rotor rotates so that the 
ahsoiute outlet velocity of the medium 116 
compressed does not exceed the speed of 
sound so far as to give rise to Mach's 
pressure waves. 

2. A high-pressure rotary compiessor as 
claimed in Claim 1, in which tlie blades 120 
are discontinuous and staggered in order 

to prevent turbulence. 

ij. A rotor for a high-pressure rofni-y 
compressor as herein described with 
Inference to Figures 1, 2 andfj or Figures 125^ 
4 and 5 or Fijr^res 6 and 7 of the accom- 
panying cbrawings. 

Dated this 18th day of Febiniarv, 194-'). 
KILBTJBif & STEODE, 
Agents for the Applicants. 
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